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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of Korean
Patent Application No. 10-2010-0112630, filed on No-
vember 12, 2010, in the Korean Intellectual Property Of-
fice, the disclosure of which is incorporated herein by
reference.

BACKGROUND
1. Field

[0002] Example embodiments of the following descrip-
tion relate to an apparatus and method for automatically
mixing a phosphor, capable of mixing the phosphor au-
tomatically and accurately.

2. Description of the Related Art

[0003] In general, a light emitting diode (LED) refers
to a device that converts an electric current to light. The
LED has a long lifespan, a low power consumption, a
fast response time, and an excellent initial driving char-
acteristics. Therefore, the LED is being widely applied,
for example, to a lighting device, an electric sign, a back-
light unit of a display device, and the like.

[0004] Recently, a package type LED where phos-
phors are disposed around an LED has been developed
to obtain white light from ultraviolet (UV) or a blue LED.
Specifically, lights emitted from UV or the blue LED are
partially color-converted by phosphors having colors of
red, green, blue, yellow, and the like. The white light is
achieved by mixing the converted lights.

[0005] Manufacturing processes of the LED package
include forming of a passivation layer, for a wire connect-
ed to an LED chip of a substrate which is passed through
wire bonding, and dispensing for electrically insulating
the wire. The dispensing is performed in order of ‘'mixing
— discharging — curing.’

[0006] Among the processes of dispensing, the mixing
is an important procedure that determines an emission
color of the LED package by adjusting a mixing ratio of
phosphor and silicon according to characteristics of the
LED chip. However, such an important procedure, that
is, the mixing of the phosphor and the silicon has gener-
ally been performed by a manual operation.

SUMMARY

[0007] According to example embodiments, there may
be provided an apparatus and method for automatically
mixing a phosphor with silicon in a mixing process.
[0008] According to example embodiments, there may
be also provided an apparatus and method for mixing a
phosphor with silicon automatically and quickly with an
accurate mixing ratio and accurate mixing quantities.
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[0009] According to example embodiments, there may
be also provided an apparatus and method for automat-
ically mixing a phosphor with silicon, capable of conven-
iently adjusting the mixing ratio and the mixing quantities
of the phosphor and the silicon.

[0010] The foregoing and/or other aspects are
achieved by providing an apparatus for automatically
mixing a phosphorincluding a mixing containerto receive
a first silicon, a second silicon, and a phosphor; a silicon
supply unit to supply silicon to the mixing container, up
to a predetermined quantity; a phosphor supply unit to
supply the phosphor to the mixing container, up to a pre-
determined quantity; and a transfer unit to transfer the
mixing container sequentially to the silicon supply unit
and the phosphor supply unit.

[0011] Therefore, the transfer unit may sequentially
transfer the mixing container to the silicon supply unit
and the phosphor supply unit. The silicon supply unit and
the phosphor supply unit may supply the silicon and the
phosphor up to the predetermined quantities. According-
ly, the second silicon and the phosphor may be mixed in
the mixing container by an accurate mixing ratio.
[0012] The silicon supply unit may include afirst silicon
supply unit to supply the first silicon to the mixing con-
tainer up to the predetermined quantity; and a second
silicon supply unit to supply the second silicon to the mix-
ing container, up to the predetermined quantity, and the
silicon may be prepared by mixing the first silicon and
the second silicon.

[0013] The apparatus may further include a container
supply unit disposed at an entrance of the transfer unit
to supply the mixing container to the transfer unit; and a
container discharge unitdisposed at an exit of the transfer
unit to discharge the mixing container, receiving the sil-
icon and the phosphor, from the transfer unit. Therefore,
the mixing container may be continuously supplied to or
discharged from the transfer unit by the container supply
unit and the container discharge unit.

[0014] The apparatus may further include a first con-
tainer sensing unit disposed at a connection portion, be-
tween the container supply unit and the transfer unit, to
detect the mixture container being supplied from the con-
tainer supply unit to the transfer unit. The first container
sensing unit may detect whether the mixing container is
supplied and discharged, and a number of the mixing
containers.

[0015] The mixing container may include a barcode
containing mixing information related to the silicon and
the phosphor. The transfer unit, the silicon supply unit,
and the phosphor supply unit may be operated according
to the mixing information of the barcode detected by the
first container sensing unit. For example, the mixing in-
formation may include a feed quantity of the silicon, a
feed quantity of the phosphor, and a serial number of the
mixing container.

[0016] The apparatus may further include a second
container sensing unit disposed at a connection portion,
between the container discharge unit and the transfer
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unit, to detect the mixing container being discharged from
the transfer unit to the container discharge unit.

[0017] The transfer unit may include a weight meas-
urement device to measure a weight change of the mixing
container. Accordingly, while the mixing container is
passing through the silicon supply unit and the phosphor
supply unit, the weight measurement device may meas-
ure the weight change of the mixing container in real time,
thereby checking the feed quantities of the silicon and
the phosphor.

[0018] A plurality of phosphor supply units may be pro-
vided, corresponding to types of the phosphor, being ar-
ranged along a transfer path of the transfer unit.

[0019] The foregoing and/or other aspects are
achieved by providing an apparatus for automatically
mixing a phosphor, including a mixing container to re-
ceive and discharge a first silicon, a second silicon, and
a phosphor; a transfer unit to transfer the mixing contain-
er; a first silicon supply unit disposed at a first position
on a transfer path of the transfer unit to supply the first
silicon to the mixing container up to a predetermined
quantity; a second silicon supply unit, disposed at a sec-
ond position on a transfer path of the transfer unit, to
supply the second silicon to the mixing container up to a
predetermined quantity; and a phosphor supply unit dis-
posed after at least one of the first silicon supply unit and
the second silicon supply unit with respect to a transfer
direction of the transfer unit, on the transfer path of the
transfer unit.

[0020] Thatis, the mixing container is capable of both
receiving the first silicon, the second silicon, and the
phosphorto be mixed therein and discharging the mixture
to a desired position. For example, the mixing container
may have a syringe structure to both receive and dis-
charge the first silicon, the second silicon, and the phos-
phor.

[0021] In addition, since the phosphor supply unit is
disposed after the first silicon supply unit and the second
silicon supply unit, the phosphor may be supplied to the
syringe or to the mixing container. Therefore, the phos-
phor may be prevented from clogging the outlet of the
mixing container.

[0022] The phosphor supply unit may be disposed be-
tween the first position and the second position with re-
spect to the transfer direction of the transfer unit. That is,
any one of the first silicon and the second silicon is sup-
plied first to the mixing container, and the phosphor is
supplied to a surface of the any one. Next, the other one
is supplied.

[0023] The phosphorsupply unitmay be disposed after
the first position and the second position with respect to
the transfer direction of the transfer unit. That is, the first
silicon and the second silicon may be sequentially sup-
plied first, and the phosphor may be later supplied to
surfaces of the first silicon and the second silicon.
[0024] A plurality of phosphor supply units may be pro-
vided, corresponding to types of the phosphor, and at
least one of the plurality of phosphor supply units may
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be disposed between the first position and the second
position with respect to the transfer direction of the trans-
fer unit. That is, any one of the first silicon and the second
silicon may be supplied first, and a part of the phosphor
may be supplied to the surface of the any part. Next, the
other one of the first silicon and the second silicon may
be supplied, and the other of the phosphor may be later
supplied to a surface of the other.

[0025] The foregoing and/or other aspects are also
achieved by providing a method for automatically mixing
a phosphor, including supplying a mixing container to a
transfer unit; detecting a barcode formed on the mixing
container by a container sensing unit; setting feed quan-
tities of a first silicon, a second silicon, and a phosphor,
using mixing information contained in the barcode de-
tected by the container sensing unit; transferring the mix-
ing container by the transfer unit sequentially to a first
silicon supply unit, a second silicon supply unit, and a
phosphor supply unit; supplying the first silicon, the sec-
ond silicon, and the phosphor to the mixing container
respectively up to predetermined quantities by the first
silicon supply unit, the second silicon supply unit, and
the phosphor supply unit; and discharging the mixing
container from the transfer unit.

[0026] The supplying of the first silicon, the second sil-
icon, and the phosphors may include supplying the first
silicon up to a predetermined quantity by the first silicon
supply unit; supplying the second silicone up to a prede-
termined quantity by the second silicon supply unit; and
supplying the phosphor up to a predetermined quantity
by the phosphor supply unit, wherein the supplying of the
phosphor may be performed after at least one of the sup-
plying of the first silicon and the supplying of the second
silicon.

[0027] The supplying of the phosphors may be per-
formed between the supplying of the first silicon and the
supplying of the second silicon.

[0028] The supplying of the first silicon, the second sil-
icon, and the phosphors may include measuring a weight
change of the mixing container in real time using a weight
measurement device provided to the transfer unit; and
controlling operations of the first silicon supply unit, the
second silicon supply unit, and the phosphor supply unit
in real time according to the weight change of the mixing
container.

[0029] The container sensing unit may include a first
container sensor to detect the mixing container being
supplied to the transfer unit, and a second container sen-
sor to detect the mixing container being discharged from
the transfer unit, and the transfer unit may be operated
under the control of detection values of the first container
sensor and the second container sensor.

[0030] Additional aspects, features, and/or advantag-
es of example embodiments will be set forth in part in the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
the disclosure.
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EFFECT

[0031] According to example embodiments, since a
firstsilicon, a second silicon, and a phosphor are supplied
to a predetermined quantity in a mixing container respec-
tively by a first silicon supply unit, a second silicon supply
unit, and a phosphor supply unit, an apparatus and meth-
od for automatically mixing the phosphor are capable of
automatically mixing the first silicon, the second silicon,
and the phosphor in the mixing container and adjusting
a mixing ratio and mixing quantities of the phosphor and
silicon.

[0032] Accordingly, mixing of the first silicon, the sec-
ond silicon, and the phosphor may be performed more
quickly and accurately. In addition, since the mixing ratio
and the mixing quantities are uniform, reliability and sta-
bility of the process and the product quality may be in-
creased. Moreover, waste of the phosphor and the silicon
may be reduced, while also saving human labor.
[0033] The apparatus and method for automatically
mixing a phosphor may set feed quantities of the first
silicon, the second silicon, and the phosphor by detecting
a barcode of the mixing container. Therefore, the first
silicon, the second silicon, and the phosphor may be sup-
plied to the mixing container respectively by different mix-
ing ratios and mixing quantities. Therefore, the mixing
ratio and the mixing quantities may be varied according
to the design and conditions of a light emitting diode
(LED) package. As a result, usefulness of the apparatus
may be maximized.

[0034] According to the apparatus and method for au-
tomatically mixing a phosphor, a weight measurement
unit measures a weight change of the mixing container,
caused according to supply of the first silicon, the second
silicon, and the phosphor. Therefore, the feed quantities
of the first silicon, the second silicon, and the phosphor
are detected in real time. Accordingly, operations of the
first silicon supply unit, the second silicon supply unit,
and the phosphor supply unit are properly controlled.
[0035] According to the apparatus and method for au-
tomatically mixing a phosphor, since the mixing container
is capable of receiving and discharging the first silicon,
the second silicon, and the phosphor, the first silicon, the
second silicon, and the phosphor may be directly injected
in the LED package. That is, a separate syringe is not
required to transfer the first silicon, the second silicon,
and the phosphor from the mixing container. Accordingly,
the number of processes and processing time may be
reduced. Also, entry of foreign substances and genera-
tion of bubbles may be prevented during transfer of the
first silicon, the second silicon, and the phosphor.
[0036] According to the apparatus and method for au-
tomatically mixing a phosphor, the mixing container ca-
pable of receiving and discharging the first silicon, the
second silicon, and the phosphor is supplied with at least
one of the first silicon and the second silicon first and
then with the phosphor. Therefore, an outlet of the mixing
container may be prevented from clogging due to the
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phosphor in the form of fine powder.
BRIEF DESCRIPTION OF THE DRAWINGS

[0037] These and/or other aspects and advantages
will become apparent and more readily appreciated from
the following description of the example embodiments,
taken in conjunction with the accompanying drawings of
which:

FIG 1 illustrates a block diagram of an automatic
phosphor mixing apparatus according to example
embodiments;

FIG. 2illustrates a block diagram showing a structure
for controlling an operation of the automatic phos-
phor mixing apparatus shown in FIG. 1;

FIGS. 3 to 5 illustrate diagrams showing various
structures of an automatic phosphor mixing appara-
tus according to other example embodiments;

FIG. 6 illustrates a sectional view showing a state
where a phosphor is supplied first to a mixing con-
tainer, of the automatic phosphor mixing apparatus
shown in FIGS. 3 to 5;

FIG. 7 illustrates a sectional diagram showing an in-
side of the mixing container discharged from the au-
tomatic phosphor mixing apparatus shown in FIG. 3;
FIG. 8 illustrates a sectional diagram showing an in-
side of the mixing container discharged from the au-
tomatic phosphor mixing apparatus shown in FIG.
4; and

FIG. 9illustrates a sectional diagram showing an in-
side of the mixing container discharged from the au-
tomatic phosphor mixing apparatus shown in FIG. 5;
FIG. 10 illustrates a flowchart showing a mixing
method of the automatic phosphor mixing apparatus
shown in FIG. 3.

DETAILED DESCRIPTION

[0038] Reference willnow be made in detail to example
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numer-
als refer to the like elements throughout. Example em-
bodiments are described below to explain the present
disclosure by referring to the figures.

[0039] FIG. 1 illustrates a block diagram of an auto-
matic phosphor mixing apparatus 100 according to ex-
ample embodiments. FIG 2 illustrates a block diagram
showing a structure for controlling an operation of the
automatic phosphor mixing apparatus 100.

[0040] Referringto FIGS. 1 and 2, the automatic phos-
phor mixing apparatus 100 includes a mixing container
110, afirst silicon supply unit 120, a second silicon supply
unit 130, phosphor supply units 140, 142, and 144, and
a transfer unit 150.

[0041] The mixing container 110 receives afirstsilicon,
asecondsilicon, and phosphors. For example, the mixing
container 110 may be a mixing cup having a hollow tube
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shape, including an inlet formed on an upper surface.
Although the mixing container 110 will be explained as
a mixing cup hereinafter, embodiments are not limited
thereto. That is, various types of containers capable of
receiving the first silicon, the second silicon, and the
phosphors may be applied.

[0042] Here, thefirstsilicon and the second silicon may
be supplied to the mixing container 110 in a liquid state.
The phosphor may be supplied to the mixing container
110in afine powder state. The first silicon and the second
silicon may be cured into solid silicon only when mixed
together. The solid silicon may support the phosphor in
the form of fine powder.

[0043] The first silicon supply unit 120 may supply the
first silicon to an inside of the mixing container 110 up to
a predetermined quantity. The first silicon supply unit 120
may be disposed on a transfer path of the transfer unit
150. The first silicon supply unit 120 may be disposed at
an upper part of the transfer unit 150 so as to supply the
first silicon to the mixing container 110 provided to the
transfer unit 150.

[0044] The second silicon supply unit 130 may supply
the second silicon to the inside of the mixing container
110 up to a predetermined quantity. The second silicon
supply unit 130 may be disposed on the transfer path, of
the transfer unit 150. The second silicon supply unit 130
may be disposed at the upper part of the transfer unit
150 so as to supply the second silicon to the mixing con-
tainer 110 provided to the transfer unit 150.

[0045] The first silicon supply unit 120 and the second
silicon supply unit 130 may be arranged along the transfer
unit at a predetermined distance from each other. Althou
gh the first silicon supply unit 120 and the second silicon
supply unit 130 according to the present embodiments
will be explained as being singular, positions and a
number of the first silicon supply unit 120 and the second
silicon supply unit 130 are not specifically limited and
may be varied according to the design and conditions of
the automatic phosphor mixing apparatus 100.

[0046] The phosphor supply units 140, 142, and 144
may supply the phosphors to the inside of the mixing
container 110 up to a predetermined quantity. The phos-
phor supply units 140, 142, and 144 may be disposed on
the transfer path of the transfer unit 150, and more par-
ticularly, atthe upper part of the transfer unit 150 to supply
the phosphors to the mixing container 110 provided to
the transfer unit 150.

[0047] A plurality of phosphor supply units, that is, the
phosphor supply units 140, 142, and 144 may be provid-
ed according to types of the phosphors to be supplied to
the mixing container 110. The phosphor supply units 140,
142, and 144 may be linearly and separately arranged
along the transfer unit of the transfer unit 150. Accord-
ingly, the first silicon supply unit 120, the second silicon
supply unit 130, and the phosphor supply units 140, 142,
and 144 may be linearly arranged along the transfer path.
Although the present embodiments will be explained to
include three phosphor supply units 140, 142, and 144
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to supply three types of the phosphors, positions and a
number of the phosphor supply units are not specifically
limited and may be varied according to the design and
conditions of the automatic phosphor mixing apparatus
100.

[0048] The transfer unit 150 may transfer the mixing
container 110 to the first silicon supply unit 120, the sec-
ond silicon supply unit 130, and the phosphor supply units
140, 142, and 144. Since the first silicon supply unit 120,
the second silicon supply unit 130, and the phosphor sup-
ply units 140, 142, and 144 are arranged linearly, the
transfer path of the transfer unit 150 also has a linear
form. Therefore, the transfer unit 150 may transfer the
mixing container 110 to the first silicon supply unit 120,
the second silicon supply unit 130, and the phosphor sup-
ply units 140, 142, and 144 in various orders.

[0049] The transfer unit 150 may be structured in var-
ious manners to be capable of stably transferring the mix-
ing container 110. For example, the transfer unit 150 may
be a conveyer belt system or a robot arm system.
[0050] In addition, the transfer unit 150 may include a
weight measurement device 152 to measure a weight
change of the mixing container 110. The weight meas-
urement device 152 may be disposed around a mounting
position of the mixing container 110, and may be struc-
tured in various manners capable of measuring a weight
of the mixing container 110. Therefore, the weight
change of the mixing container 110 may be detected in
real time during supply of the first silicon, the second
silicon, and the phosphors. Consequently, feed quanti-
ties of the first silicon, the second silicon, and the phos-
phors may be detected in real time. A control unit 160 of
the automatic phosphor mixing apparatus 100 may con-
trol the feed quantities with respect to the first silicon sup-
ply unit 120, the second silicon supply unit 130, and the
phosphor supply unit 140, 142, and 144 in real time,
through detection values of the weight measurement de-
vice 152.

[0051] When the transfer unit 150 transfers the mixing
container 110 sequentially to the first silicon supply unit
120, the second silicon supply unit 130, and the phosphor
supply units 140, 142, and 144 as described above, the
first silicon, the second silicon, and the phosphors are
automatically supplied to the inside of the mixing con-
tainer 110 by the predetermined quantities to the mixing
container 110, respectively by the first silicon supply unit
120, the second silicon supply unit 130, and the phosphor
supply unit 140, 142, and 144. Thus, the first silicon, the
second silicon, and the phosphors are received in the
mixing container 110 by the predetermined quantities,
and therefore may be mixed with accurate mixing ratio
and accurate mixing quantities.

[0052] Referringto FIGS. 1 and 2, the automatic phos-
phor mixing apparatus 100 may further include a con-
tainer supply unit 170 and a container discharge unit 172.
The container supply unit 170 newly supplies an empty
mixing container 110 to the transfer unit 150, being dis-
posed at an entrance 150a of the transfer unit 150. The
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container discharge unit 172 may discharge the mixing
container 110 in which the first silicon, the second silicon,
and the phosphors are received, from the transfer unit
150. The container discharge unit 172 may be disposed
at an exit 150b of the transfer unit 150.

[0053] Therefore, the mixing container 110 may be
continuously supplied to and discharged from the transfer
unit 150, one by one, respectively by the container supply
unit 170 and the container discharge unit 172. In other
words, for example, at least five mixing containers 110
may be provided on the transfer path of the transfer unit
150. The at least five mixing containers 110 may be si-
multaneously supplied with the first silicon, the second
silicon, and the phosphors by the first silicon supply unit
120, the second silicon supply unit 130, and the phosphor
supply units 140, 142, and 144, respectively.

[0054] After the mixing container 110 is discharged by
the container discharge unit 172, a mixture of the first
silicon, the second silicon and the phosphors received in
the mixing container 110 is put into a syringe 180. The
syringe 180 may inject the mixture into a light emitting
diode (LED) package.

[0055] Referringto FIGS. 1 and 2, the automatic phos-
phor mixing apparatus 100 may include container sens-
ing units 174 and 176 adapted to detect the mixing con-
tainer 110. The container sensing units 174 and 176 may
include a first container sensing unit 174 to detect the
mixing container 110 being supplied from the container
supply unit 170 to the transfer unit 150, and a second
container sensing unit 176 to detect the mixing container
110 being discharged from the transfer unit 150 to the
container discharge unit 172.

[0056] The first container sensing unit 174 may be dis-
posed at a connection portion between the container sup-
ply unit 170 and the transfer unit 150. The second con-
tainer sensing unit 176 may be disposed at a connection
portion between the container discharge unit 172 and the
transfer unit 150. Therefore, whether the mixing contain-
er 110 are supplied and discharged, and a number of the
mixing container 110 being supplied or discharged may
be detected by the first container sensing unit 174 and
the second container sensing unit 176.

[0057] The mixing container 110 may be provided with
a barcode detected by the first container sensing unit 174
and the second container sensing unit 176. The barcode
may contain mixing information related to the first silicon,
the second silicon, and the phosphors. For example, the
mixing information may include a feed quantity of the first
silicon, a feed quantity of the second silicon, feed quan-
tities of the phosphors, and a serial number of the corre-
sponding mixing container 110.

[0058] Therefore, when the first container sensing unit
174 detects the barcode of the mixing container 110 en-
tering the transfer unit 150, the mixing information of the
barcode is transmitted to the control unit 160. According
to the mixing information, the control unit 160 may prop-
erly control operations of the transfer unit 150, the first
silicon supply unit 120, the second silicon supply unit
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130, and the phosphor supply units 140, 142, and 144.
[0059] FIGS.3to5illustrate diagrams showing various
structures of an automatic phosphor mixing apparatus
200 according to other example embodiments. FIG. 6
illustrates a sectional view showing a state where phos-
phors is supplied first to a mixing container of the auto-
matic phosphor mixing apparatus 200 shown in FIGS. 3
to FIG. 5. FIG. 7 illustrates a sectional diagram showing
an inside of the mixing container discharged from the
automatic phosphor mixing apparatus 200 shown in FIG.
3.FIG. 8illustrates a sectional diagram showing aninside
of the mixing container discharged from the automatic
phosphor mixing apparatus 200 shown in FIG. 4. FIG. 9
illustrates a sectional diagram showing an inside of the
mixing container discharged from the automatic phos-
phor mixing apparatus 200 shown in FIG. 5.

[0060] In FIGS. 3 through 9, the same reference nu-
merals used in FIGS. 1 and 2 denote the same elements
and structures. Hereinafter, distinctive features of the au-
tomatic phosphor mixing apparatus 200 according to the
present embodiments from the automatic phosphor mix-
ing apparatus 100 shown in FIGS. 1 and 2 will be mainly
described.

[0061] Referring to FIGS. 3 through 5, differently from
the automatic phosphor mixing apparatus 100 shown in
FIGS. 1 and 2, the automatic phosphor mixing apparatus
200 includes a mixing container 210 configured to receive
and discharge the mixture of the first silicon, the second
silicon, and accordingly, positions of the first silicon sup-
ply unit 120, the second silicon supply unit 130, and the
phosphor supply units 140, 142, and 144 are restricted.
[0062] The mixing container 210 may be structured to
be capable of both receiving the first silicon, the second
silicon, and the phosphors, and discharging the mixture
of them. For example, the mixing container 210 may be
a syringe including an outlet 212 to discharge a mixture
of a first silicon S1, a second silicon S2, and phosphors
P as shown in FIGS. 6 through 8. Although the mixing
container 210 will be explained as having the syringe
form in the present embodiments, any other structures
may be applied to the mixing container 210 as far as
being capable of storing and discharging the first silicon
S1, the second silicon S2, and the phosphors P.

[0063] Therefore, according to the present embodi-
ments, the mixture of the first silicon S 1, the second
silicon S2, and the phosphors P may be injected directly
into the LED package using the mixing container 210
discharged from the automatic phosphor mixing appara-
tus 200. That is, according to the above structure, the
mixture does not have to be transferred to an intermedi-
ate member, thereby preventing entry of foreign sub-
stances and generation of bubbles that may be caused
during the transfer.

[0064] When the mixing container 210 has the syringe
form, the outlet 150b may be disposed at a lower portion
of the mixing container 210 whereas an inlet 214 for the
first silicon S1, the second silicon S2, and the phosphors
P is disposed at an upper portion as shown in FIG 6.
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Therefore, when the phosphors P in the fine powder state
are supplied to the mixing container 210 first, the phos-
phors P may be collected to the outlet 150b, thereby clog-
ging the outlet 150b. Also, since the phosphors P may
be discharged through the outlet 150b, an error may oc-
cur regarding the mixing ratio and the mixing quantities
of the first silicon S1, the second silicon S2, and the phos-
phors P.

[0065] To solve such a case, the phosphors P in the
phosphor supply units 140, 142, and 144 may be supplied
to the mixing container 210 after the first silicon S1 or the
second silicon S2 is supplied by at least one of the first
silicon supply unit 120 and the second silicon supply unit
130.

[0066] When at least one of the first silicon S1 and the
second silicon S2 is supplied first so as to be disposed
between the outlet 150b and the phosphors P, the phos-
phors P may be prevented from entering the outlet 150b.
[0067] Hereinafter, positions of the first silicon supply
unit 120, the second silicon supply unit 130, and the phos-
phor supply units 140, 142, and 144 will be described in
detail with reference to FIGS. 3 through 8. Here, the other
structures except for the arrangement positions of the
first silicon supply unit 120, the second silicon supply unit
130, and the phosphor supply units 140, 142, and 144
are almost the same as in the embodiments of FIGS. 1
and 2 and therefore will not be described again.

[0068] The first silicon supply unit 120 may be dis-
posed in a first position L1 on the transfer path of the
transfer unit 150. The second silicon supply unit 130 may
be disposed in a second position L2 on the transfer path
of the transfer unit 150.

[0069] The plurality of phosphor supply units, that is,
the phosphor supply units 140, 142, and 144 may be
provided according to types of the phosphors to be sup-
plied to the mixing container 210. The phosphor supply
units 140, 142, and 144 may be disposed in positions L3,
L4, and L5 linearly and separately along the transfer path.
Although the presentembodiments are explained to have
the three phosphor supply units 140, 142, and 144 to
supply three types of the phosphors for convenience of
explanation, the positions and the number of the phos-
phor supply units may be varied according to a design
and conditions of the automatic phosphor mixing appa-
ratus 200.

[0070] More specifically, the phosphor supply units
140, 142, and 144 may be disposed in the third position
L3, the fourth position L4, and the fifth position L5, which
are arranged linearly and separately on the transfer path
of the transfer unit 150. The third position L3, the fourth
position L4, and the fifth position L5 may be disposed
after at least one of the first position L1 and the second
position L2, with respect to a transfer direction of the
transfer unit 150. That is, the phosphor supply units 140,
142, and 144 may be disposed after at least one of the
first silicon supply unit 120 and the second silicon supply
unit 130, with respect to the transfer direction.

[0071] Referring to FIGS. 3 and 7, the third position
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L3, the fourth position L4, and the fifth position L5 may
be disposed between the first position L1 and the second
position L2, with respect to the transfer direction of the
transfer unit 150. That is, the phosphor supply units 140,
142, and 144 may be disposed between the first silicon
supply unit 120 and the second silicon supply unit 130.
[0072] Accordingly, any one of the first silicon S1 and
the second silicon S2 may be supplied first to the mixing
container 210, the phosphors P may be supplied to a
surface of the any one of the first silicon S1 and the sec-
ond silicon S2, and the other one of the first silicon S1
and the second silicon S2 may be supplied finally.
[0073] Referring to FIGS. 4 and 8, the third position
L3, the fourth position L4, and the fifth position L5 may
be disposed after the first position L1 and the second
position L2 with respect to the transfer direction. That is,
the phosphor supply units 140, 142, and 144 may be
disposed after the first silicon supply unit 120 and the
second silicon supply unit 130 with respect to the transfer
direction.

[0074] Accordingly, the first silicon S1 and the second
silicon S2 may be first supplied to the mixing container
210, and the phosphors P may be finally supplied to the
surfaces of the first silicon S1 and the second silicon S2.
[0075] Referringto FIGS. 5 and 9, at least one of the
third position L3, the fourth position L4, and the fifth po-
sition L5 may be disposed between the first position L1
and the second position L2 while the others are disposed
after the first position L1 and the second position L2 with
respect to the transfer direction. In other words, at least
one of the phosphor supply units 140, 142, and 144 may
be disposed between the first silicon supply unit 120 and
the second silicon supply unit 130 while the others may
be disposed after the first silicon supply unit 120 and the
second silicon supply unit 130.

[0076] Accordingly, any one of the first silicon S1 and
the second silicon S2 is supplied first to the phosphor
210, and a part P1 of the phosphors P is supplied to a
surface of the any one of the first silicon S1 and the sec-
ond silicon S2. Next, the other one of the first silicon S1
first silicon S1 and the second silicon S2 is supplied, and
the other part P2 of the phosphors P is finally supplied
to a surface of the other one of the first silicon S1 and
the second silicon S2.

[0077] The operation and the effect of the above-struc-
tured automatic phosphor mixing apparatus 200 shown
in FIG. 3 will be described hereinafter. FIG. 10 illustrates
a flowchart showing a mixing method of the automatic
phosphor mixing apparatus shown in FIG 3. Here, the
method will be described about a case where a plurality
of the mixing containers 210 are used.

[0078] First, the container supply unit 170 supplies the
mixing containers 210 to the inlet 150a of the transfer
unit 150 in operation 10. Here, the container supply unit
170 may supply the mixing containers 210, to the transfer
150 continuously by a predetermined time period.
[0079] During this, the first container sensing unit 174
detects the mixing containers 210 being supplied to the



13 EP 2 452 996 A2 14

transfer unit 150 in operation 11. During this, the first
container sensing unit 174 may detect barcodes formed
on the mixing containers 210 in operation 12.

[0080] In operation 13, the feed quantities of the first
silicon, the second silicon, and the phosphors are set
using mixing information of the barcodes detected by the
first container sensing unit 174. That is, in operation 13,
the mixing information detected from the barcodes of the
mixing containers 210 may be transmitted to the control
unit 160. The control unit 160 sets the feed quantities
using the mixing information.

[0081] In operation 14, the transfer unit 150 transfers
the mixing containers 210 sequentially to the first silicon
supply unit 120, the second silicon supply unit 130, and
the phosphor supply units 140, 142, and 144. During this,
when the mixing containers 210 are detected by the first
container sensing unit 174, the transfer unit 150 is oper-
ated to transfer the mixing containers 210 from the inlet
150atothe outlet 150b of the transfer unit 150. The mixing
containers 210 pass through all of the first silicon supply
unit 120, the second silicon supply unit 130, and the phos-
phor supply units 140, 142, and 144.

[0082] In operations 15 to 20, the silicon supply unit
120, the second silicon supply unit 130, and the phosphor
supply units 140, 142, and 144 supply the first silicon,
the second silicon, and the phosphors to the mixing con-
tainer 210 respectively to predetermined quantities.
[0083] More specifically, operations 15 to 20 may in-
clude operations 15 and 16 to supply the first silicon to
the predetermined quantity by the first silicon supply unit
120, operations 19 and 20 to supply the second silicon
to the predetermined quantity, by the second supply unit
130, and operations 17 and 18 to supply the phosphors
to the predetermined quantity by the phosphor supply
units 140, 142, and 144.

[0084] The supplying of the phosphors may be per-
formed after at least one of the supplying of the first silicon
or the supplying of the second silicon. According to the
example embodiments as shown in FIGS. 3 through 10,
operations 17 and 18 to supply the phosphors are per-
formed between operations 15 and 16 to supply the first
silicon and operations 19 and 20 to supply the second
silicon.

[0085] During operations 15 to 20, the weight meas-
urement device 152 of the transfer unit 150 may measure
the weight change of the mixing containers 210 in real
time. The control unit 160 may control the operations of
the first silicon unit 120, the second silicon unit 130, and
the phosphor supply units 140, 142, and 144 in real time,
according to the weight change of the mixing containers
210.

[0086] Forexample, the feed quantities for the first sil-
icon unit 120, the second silicon unit 130, and the phos-
phor supply units 140, 142, and 144 may be predeter-
mined by the control unit 160, according to the mixing
information contained in the barcode of the mixing con-
tainers 210. The control unit 160 may control feeding time
of the first silicon unit 120, the second silicon unit 130,
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and the phosphor supply units 140, 142, and 144 accord-
ing to the predetermined feed quantities, thereby control-
ling the feed quantities of the first silicon, the second sil-
icon, and the phosphors. In addition, the control unit 160
may check actual feed quantities of the first silicon, the
second silicon, and the phosphors being supplied to the
mixing containers 210 in real time, using detection values
of the weight measurement device 152. Therefore, the
operations of the first silicon unit 120, the second silicon
unit 130, and the phosphor supply units 140, 142, and
144 may be properly controlled in real time.

[0087] The second container sensing unit 176 may de-
tect the mixing containers 210 being discharged through
the outlet 150b of the transfer unit 150, in operations 21
and 22. In operations 21 and 22, specifically, the second
container sensing unit 176 may detect the mixing con-
tainers 210 being discharged from the transfer unit 150
to the container discharge unit 172.

[0088] The container discharge unit 172 discharges
the mixing containers 210 receiving the first silicon, the
second silicon, and the phosphors to the outside in op-
eration 23. In operation 23, specifically, the mixing con-
tainers 210 passed through the first silicon unit 120, the
second silicon unit 130, and the phosphor supply units
140, 142, and 144 are discharged to the outside of the
automatic phosphor mixing apparatus 200.

[0089] The control unit 160 may determine whether
any of the mixing containers 210 are presentin the trans-
fer unit 150, by comparing detection values of the first
container sensing unit 174 and the second container
sensing unit 176. When the mixing container 210 detect-
ed by the first container sensing unit 174 is also detected
by the second container sensing unit 176, the control unit
160 may determine that the transfer unit 150 is transfer-
ring none of the mixing containers 210 and stop the op-
eration of the transfer unit 150, in operation 24.

[0090] Whenthe mixing containers 210 are completely
discharged, out of the automatic phosphor mixing appa-
ratus 200, the mixture of the first silicon, the second sil-
icon, and the phosphors may be injected inthe LED pack-
age using the mixing containers 210 having the syringe
form.

[0091] Although example embodiments have been
shown and described, it would be appreciated by those
skilled in the art that changes may be made in these
example embodiments without departing from the prin-
ciples and spirit of the disclosure, the scope of which is
defined in the claims and their equivalents.

Claims

1. An apparatus for automatically mixing a phosphor,
comprising:

a mixing container to receive a first silicon, a
second silicon, and a phosphor;
a silicon supply unit to supply silicon to the mix-
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ing container up to a predetermined quantity;

a phosphor supply unit to supply the phosphor
to the mixing container up to a predetermined
quantity; and

a transfer unit to transfer the mixing container
sequentially to the silicon supply unit and the
phosphor supply unit.

2. The apparatus of claim 1, wherein

the silicon supply unit comprises:

afirst silicon supply unit to supply the first silicon
to the mixing container up to the predetermined
quantity; and

a second silicon supply unitto supply the second
silicon to the mixing container up to the prede-
termined quantity, and

the silicon is prepared by mixing the first silicon
and the second silicon.

3. The apparatus of claim 1, further comprising:

a container supply unit disposed at an entrance
of the transfer unit to supply the mixing container
to the transfer unit; and

a container discharge unit disposed at an exit of
the transfer unit to discharge the mixing contain-
er receiving the silicon and the phosphor, from
the transfer unit.

The apparatus of claim 3, further comprising a first
container sensing unit disposed at a connection por-
tion, between the container supply unit and the trans-
fer unit, to detect the mixture container being sup-
plied from the container supply unit to the transfer
unit.

The apparatus of claim 4, wherein

the mixing container comprises a barcode containing
mixing information related to the silicon and the
phosphor, and

the transfer unit, the silicon supply unit, and the phos-
phor supply unit are operated according to the mixing
information of the barcode detected by the first con-
tainer sensing unit.

The apparatus of claim 3, further comprising a sec-
ond container sensing unit disposed at a connection
portion between the container discharge unit and the
transfer unit to detect the mixing container being dis-
charged from the transfer unit to the container dis-
charge unit.

The apparatus of claim 1, wherein the transfer unit
comprises a weight measurement device to meas-

ure a weight change of the mixing container.

The apparatus of claim 1, wherein a plurality of phos-
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10.

11.

12.

13.

phor supply units are provided corresponding to
types of the phosphor, being arranged along a trans-
fer path of the transfer unit.

An apparatus for automatically mixing a phosphor,
comprising:

a mixing container to receive and discharge a
first silicon, a second silicon, and a phosphor;
a transfer unit to transfer the mixing container;
a first silicon supply unit disposed at a first po-
sition on a transfer path of the transfer unit to
supply the first silicon to the mixing container up
to a predetermined quantity;

a second silicon supply unit disposed at a sec-
ond position on a transfer path of the transfer
unit to supply the second silicon to the mixing
container up to a predetermined quantity; and
a phosphor supply unit disposed after at least
one of the first silicon supply unit and the second
silicon supply unit with respect to a transfer di-
rection of the transfer unit, on the transfer path
of the transfer unit.

The apparatus of claim 9, wherein the phosphor sup-
ply unit is disposed between the first position and
the second position with respect to the transfer di-
rection of the transfer unit.

The apparatus of claim 9, wherein the phosphor sup-
ply unit is disposed after the first position and the
second position with respect to the transfer direction
of the transfer unit.

The apparatus of claim 9, wherein

a plurality of phosphor supply units are provided, cor-
responding to types of the phosphor, and

at least one of the plurality of phosphor supply units
is disposed between the first position and the second
position with respect to the transfer direction of the
transfer unit.

A method for automatically mixing a phosphor, com-
prising:

supplying a mixing container to a transfer unit;
detecting a barcode formed on the mixing con-
tainer by a container sensing unit;

setting feed quantities of a first silicon, a second
silicon, and a phosphor, using mixing informa-
tion contained in the barcode detected by the
container sensing unit;

transferring the mixing container, by the transfer
unit, sequentially to a first silicon supply unit, a
second silicon supply unit, and a phosphor sup-
ply unit;

supplying the first silicon, the second silicon, and
the phosphorto the mixing container respective-
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ly up to predetermined quantities by the first sil-
icon supply unit, the second silicon supply unit,
and the phosphor supply unit; and

discharging the mixing container from the trans-
fer unit.

The method of claim 13, wherein the supplying of
the first silicon, the second silicon, and the phosphor
comprises:

supplying the first silicon up to a predetermined
quantity by the first silicon supply unit;
supplying the second silicone up to a predeter-
mined quantity by the second silicon supply unit;
and

supplying the phosphor up to a predetermined
quantity by the phosphor supply unit,

wherein the supplying of the phosphor is per-
formed after at least one of the supplying of the
first silicon and the supplying of the second sil-
icon.

The method of claim 14, wherein the supplying of
the phosphor is performed between the supplying of
the first silicon and the supplying of the second sili-
con.

The method of claim 13, wherein the supplying of
the first silicon, the second silicon, and the phosphor
comprises:

measuring a weight change of the mixing con-
tainer in real time using a weight measurement
device provided to the transfer unit; and
controlling operations of the first silicon supply
unit, the second silicon supply unit, and the
phosphor supply unit in real time according to
the weight change of the mixing container.

The method of claim 13, wherein

the container sensing unit comprises a first container
sensor to detect the mixing container being supplied
to the transfer unit, and a second container sensor
to detect the mixing container being discharged from
the transfer unit, and

the transfer unit is operated under the control of de-
tection values of the first container sensor and the
second container sensor.
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